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ABSTRACT Partiad control of the Furopean corn borer, Ostrinia nubilalic {1ibeer), in
maize. Zea mays 1., has been achieved through germplasm resistant to leaf feeding that was
incorparated into breeding populations. Leat-feeding resistance to European corn borer in
rnaize had generally been attributed to presence of the chemical 2. 4-dilydroxy-7-methoxy-1.4-
henzoxazin-3-one {DIMBOA). New sources of resistance, other than that mediated by DIM-
BOA, are desirable for developing new resistant cnltivass. From 1990 to 1992, 1.601 accessions
of Peruvian maize maintained in the U.S. National Plant Germplasm Systemn were evaluated
for leaf-feeding resistance ta European corn borer, Eleven resistam accessions were identified.
all of which originated from Perir’s north coast. The 11 resistant accessions were then analyzed
for 6-methoxybenzoxazolinone (MBOA), the degradation product of DIMBOA and an indi-
carar of IHMBOA levels present in the plant. All 11 resistant accessions contained low MBOA
voncentrations, equivalent 1o that found in the susceptible inbred WF9, indicating that 1XM-
BOA is not the Dhasis of this resistunce. The factor{s) underlying this source o host plant
resistance remains to he determrned. Siv morphalogically diverse Peruvian maize races were

evaluated in the greenhouse for ovipositional nonpreference by the Eu

»an comn borer.

Some differences were noted, but momhological factors could not be contirmed us causing

the differences.
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THE EUROPEAN CORN borer. Ostrinia nubilalis
iHiihner), is one of the most damaging insects on
maize, Zea mays L. (Fernss 1988). A bivoltine
strain of European corn horer. predominant
throughout the northern corn belt, damages the
maize plant at 2 distinct stages: the whorl stage
and shortly after anthesis (Showers et al. 1989).
Damage by earlv-instar European corn borer dur-
ing the whortl stage of maize plant development
is characterized by leaf feeding in the whorl of
the plant. This canses physiological losses to the
plant because of a reduction in leafl arca ( Dicke
1954).

The economic significance of the European corn
borer has been reduced by the identifgﬁnion of
resistant maize germplasm and the backerossing of
these resistant cultivars into clite maize lines. De-
velopment of maize resistant to Furopean com
borer larval feeding has been one of the most ef-
ficient methods of control for this insect (Barry and
Darrah 1997).

European corn borer leaf-feeding resistance in
maize adapted for the corn belt has been attrib-
uted (o the chemical 2.4-dihydroxy-7-methoxy-1,4-
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benzoxazin-3-one (IMXMBOA) (Klun ot al. 1967).
Other (for example. non-DIMBOA) sources of Eu-
ropean corn horer resistance would give plant
breeders additional genetic material to develop re-
sistuat maize breeding populations. Resistant trop-
ical and exotic maize populations that do not rely
on DIMBOQA for resistance have been identiﬁe(f.
but the factor(s) causing the resistance is as yet
undetermined (Sullivan et al. 1974, Scriber et al.
1975. Chiang and 1ludon 1976). The probability of
finding new sourees of European corn borer resis-
tance by using a uniyue base of resistance may
increase when the diverse maize germplasm from
the Tropics is evaluated.

Peruvian maize contains a high degree of ge-
netic variability that has been categorized into at
least 42 races containing multiple genetic variants
within each race {Grobman ot al. 1961). In the
middle to late 1980s, a large number of Peruvian
maize uccessions was acquired by the U.5. Nation-
al Plant Germplasm System (NPGS): these are
currently maintained by the North Central Re-
gional Plant lotroduction Station (NCRFPIS) in
Ames, JA.

We report herein the results of evaluating the
NPGS 1naize collection tfrom Peru to identify
unique sources of resistance to F.uropean comn bor-
er leaf feeding. The 1st objective of this study was
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to evaluate maize that is maintained at the
NCRPIS for sources of leaf-feeding resistance to
the European corn borer. A 2nd objective was to
determine if the resistance was b on the chem-
ical DIMBOA. A 3rd objective was to evaluate 6
Peruvian races of maize to determine if European
corn borer ovipositional nonpreference exists with-
in the maize collection.

Materials and Methods

Field Evalustion for Resisiance 1o European
Corn Borer Leaf Feeding. In 1890 and 1991,
1,601 Peruvian maize accessions were plantcd in
single rows with a jab planter. Four to 3 seeds per
hill were planted, with cach row containing 3 hills.
Rows were 1.5 m long and spaced 1.5 m apart.
Each row was thinned to 6 plants after emergence.
A resistant control inbred (CI31A) and a suscep-
tible control inbred (WF9) were planted througﬁ-
out the field to aid in monitoring infestation levels.
Test plants were artificially infested at the V4 stage
(Benson and Reetz 1985) of inaize development.
Approximately 300 neonate European corn borers
{courtesy USDA -ARS Corn Insects Research Unit,
Ames, JA) were deposited inw the whorl of each
plant Larvac were applied to the plants using a

“bazooka” applicator developed by Mihm {1953}
Three weeks after infestation. the test plants were
rated visually for European corn borer leaf-feedin
damage by using a 9-class rating scale develope
by Guthrie et al. (1960). With this scale. resistant
aceessions receive lower numedc ratings.

Maize accessions with an initial damage rating
of 3 or less were retested in 1992, Fourteen Pe-
ruvian maize accessions plus a resistant (CI31A}
and susceptible control (WF9) were retested by
using a randomized complete block design with 8
replications. Plot meun values were used for unai-
ysis of variance (ANQVA).

Data were analyzed with the ANOVA-2 program
of MSTAT-C 4.0 {MSTAT Development Team
1989). When the F value for treatments wus sig-
nificant (# < (.05}, means were separated with the
RANCE program of MSTAT-C 4.0 with the least
significant difference (LSD) test (x = 0.03).

Determination of DIMBOA Content in Resis-
1ant Peruvian Maize Whorl-Leaf Tissue. In 1591,
the resistant Peruvian maize accessions and 2 von-
trols (CI314, resistant and WF9, susceptible} were
Elanted in the field. Accessions were grown in the

eld as a randomized complete block design with
2 replications. At the V4 maize plant stage, whorl-
leaf tissue was removed, frozen, thawed, dried in
a laboratory oven at 50°C for 72 h, and ground in
a Wiley mill to a fine powder. MBOA was quanti-
fied by the method of Robinson et al. {1982).
Ground whorl-leaf tissue (0.5 g) was extracted with
20 ml of boiling distilled water and filtered (What-
man Neo. 1), The residue was again extracted 3
times with ~7 ml of hot water. The cooled extract
was acidified to pH 1-2 with concentrated HCI,
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partitivned with ethyl ether, and dried with
‘Jag‘:o_, The organic phase was concentrated to
=40 m] and deeanted from the Na;SO,. The or-
ganosoluble material was evaporated to dryness.
The MBOA was isolated from each plant ex-
tract by normal phase, thin-layer chromatography
(TLC) on Beckman sitica gel 60 F 254 (20 by 20
by 0.25 mm} with a I-dimensional. dual-devel-
oFing system: (1) 4:4:1 CHCl ;:ethyl acctate:cy-
ohexane: (2) 17:3 cyc]oht,xane sisobutanol, Ex-

tracts wore fl-nn]un:] in 1 .1 bpnvgnp roﬂ'\ul acetate

and 100 ul applied to the plate, The rchuw front
of MBOA was determmc(ll by cochromatography
with 50 pg of MBOA standard (Sigma, 5t. Luouis,
MO}

The MBOA frowmn each sample was eluted from
the TLC with 6 ml of 95% ethanol {EtQOH}.
MBOA was quantified photometrically (Shimadzn
medel UVIGOA, Kyoto, Japan) at 231 mu. A nor
inal distribution was established using MBOA val-
ues from this studg A probability m le was used

[ P e N

to aetermine alhuun..inl \llfTCIl nCces. Z Yalues were
used in the probability table to determine proba-
bilities for the normal distribution. 7 values were
caleulated by nsing the sample standard deviation
(s), mean of the sample population. and the value
in question (x) in the following formula Z = (x -
meanj/s.

Ovipositional Preference. Six Peruvian maize
accessions representing 6 races were selected for
their variations in leaf pubescence, leaf color, leaf
vendtlon and leal width fronl data presented in
Grobman et al, {1961 and ihe USDA-ARS Germ-
plasm Resources Information Network (GRIN:

Beltsville, M12). A resistant ovipositional prefer-
cnce contru] HLA (NSL-30861}, and a susceptible
ovipusitional preference control, 1a.L317 (NSL-
B5973). were chosen from data presented in Everly
et al. (1979). Seven maize plants from each of the
6 accessions and the 2 controls were grown in 24-
vm-diameter pots in the greenhouse,

Ovipositional selection of the maize accessions
was conducted within a caie consisting of six 1.53-
m? panels with 4 2.5-cm® wowden frame covered
with lumite sereening (Chicopee Manufactunng,
Chicopee, GA). The 6 panels were assermbled in
the greenhouse to form a4 L.5-m® enclosed cage.

At the V4 stage, 1 plant from each of the 6 ac-
cessions and 1 plant from: each control were placed
randomly within each cage. Photoperiod was main-
tained at 12:12 (L:1D) h and relative humidity at
70%. Thirty newly mated European corn borer {e-
males were released into each cage. After 6 d, the
aduits were removed from the cages and the num-
ber und location of egg masses on each plant were
recorded. The experiment was conducted as a ran-
domized complete block design with 7 replicativns,
Duta were analyzed with MSTAT-C 4.0 (MSTAT
Development Team 1959). When the F value for
treatments was uo‘nlﬂonnr (P < (} ﬂq] means wero
separated with the RANGE program of MSTAT-C.
4.0 by using the least 1.5D test (x = 0.03).
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Table 1. Number of accessions receiving ratings in
each vating category from 1990 and 1991 field tests con-
durierd al Ames, 1A
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Table 3. Mean levels of MBOA and Z scores for 11
Peruvian and 2 check makzes sampled at the mid-wherl
stage at Ames, IA, in [992

No. accessions

1

2

11
T
195
266
351
409
257
1,601

Karmg cadepon

Colie s R R SRS

=
e
E

Results

Leaf Feeding. Table 1 presents the rating dis-
tributions from the 1601 actessions evaluated in
1990 and 1991. The ANOVA for the 14 Feruvian
maize aveessions retested in 1992 showed highly
significant differences among accessions (F =
16.02; df = 15, 105: P < 0.01, Table 2). The sus-
ceptible inbred control WF9 had the highest rat-
ing, and accessions 303723 and 503731 were not
significantly different from the resistant chntrol,
CI31A (Table 2). Eleven of the 14 accessions re-
tested rated =3.2 and were considered resistant
‘Table 2).

Quantification of MBOA varied from 0.144 mg/
g in accession 303764 to 1.104 mg/g of dried whorl
tissue in CI31A (Table 3). The mean of the sample
population was 0.292 mg MBOA/g of dried whorl
tissue. and the sample standard dewation was
0.251 in the European corn borer-resistaint Pemn-
vian maize. Levels of MBOA were not signifcantly
different from the mean MBOA level in the sus-
ceptible control inbred WF9.

Table 2. Furopean corm borer leaf-feeding ratings for
14 Peruvian maize accessions sebected for retesting in
1992 at Ames, A

Mean
Accession no. leaf-feeding Peruvian inaize race
ratings® b
WG 7.1a Suscentible check
220065 5.9b [ aMolina hybrid
571506 4.2¢ Piscorunto
Anws- 134330 3.9cd Tuxpefio
508725 3.2de Mochero
503806 3.2de Alazan
503844 3.2de Alazan
50764 3.0def Muochere
Anes- 10623 3.0def Arizona
SPITE 2.9def Mnchere
53722 2.9def Mochere
513728 2.9def Mochere
303727 2.8el Muchere
5003723 2.6elg Mochere
503731 2.2fg Machere
CI31A 1.8¢ Resistant check

Means followed by the same letter a-e not significant’y differen:
avvurding tu the LSID test (P = 0.05).

o Guthne ot al. (1960) 1-9 rating scale.

b vValues represent the mean of 8 replications.

. MBOA conen .
Azressicn no. ing MBOA/g tissue 7 valuet
CI131A 1.104 323
503720 01377 oM
504727 0.276 306
503722 0.274 007
Ames- 10623 0.232 .24
WF.9 0.217 030
BOAT2A 0.214 a3l
513725 0.210 .33
503846 0.208 .33
503731 .19 0.37
503806 2175 .47
503728 1.165 051
303764 0 144 0.59

2 7 value equals the number of standard deviations from the
saraple mean.

Ovipositional Preference, There was u highly
significunt difierence (F = 5.41; df 7, 42: F < 0.01)
between accessions for tolal number of egg masses
wviposiied. The number of egg masses oviposited
on the susceptible control (NSL-65873) and the
resistant control (NSL-30861} were not signifi-
cantly different (Table 4). Accessions 503796 and
485330 had significantly fewer oviposited egg
masses than 485320, 571506, and 515036 (Tuble 4).

Discussion

The 11 resistant Penvian maize accessions iden-
lified in this study helong to 3 different races of
maize as defined by Crobiman et al. (1961). Eight
accessions are race Mochero, an early, droughi-re-
sistant maize with a floury kernel tvpe, Two acces-
sions are race Alazan, another floury kernel rype
maize, which is also drought resistant. One acces-
sion was race Anzona, which is an introduced Tux-
pefio and has a dent kernel type (Table 2). All 11
accessions originated from irrigated vallevs on Pe-
ru’s north coast, and all are resistant to European
corn borer leaf feeding even though the European
corn borer has never existed in Peru.

Table 4. Number of egy mares deposited by Euro-
pean corn borer during an vvipositional preference test
in the greenhouse at Ames, [AL in 1992

Accession o, Mean”
F1N3F 16,3a
5710 17 la
145,320 4 Ta
485347 10 Hab
503796 6 Yha
445330 6 b
NSL-65873 26
NSL-30s51 17¢

Meuns followed by the same Tetter are st significantly different
according to the LS test +F = 005
2 Means are calculated fromn 7 replicabions.
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One accession, 371506 (maize race Piscorunto;
a high-elevation maize from southern Peru with a
floury kernel type), received a resistant rating of 1
dunng the initin} screening (Table 1). After retest-
ing 571506 in 1992, considerable variation was
found in plant exrression of resistance to Euro-
Eean com borer leaf feeding. Some plants were

eavily infested; however. 1 or 2 plants in each row
were {ighly resistant. Thus, a source of high-alti-
tude maize with European comn borer lcaf feeding
resistance may exist in some genotypes within this
ACCeSSioN.

Significantly lower levels of MBOA were found
in the resistant Peruvian maize accessions than in
the resistant control CI31A. lovels of MBOA in
these accessions were not significantly different
from the levels in the susceptible control WF9.
This indicates that 1I2IMBOA concentration is not
responsible for the resistance of these Peruvian
maize aceessions Lo Kuropean corn borer leaf feed-
ing. A non-DIMBOA basis of resistance 1s sug-
gested.

Non-DIMBOA resistance to leaf feeding by Eu-
ropean corn borer may be useful for develaping
highly resistant maize t}"mt combines 2 or more re-
sistance bases; resistant maize that coulld be used
as an alternative to the DIMBQA-basedd resistance
currently used by plant breeders; muize that, un-
like maize with IDIMBOA-based resistunee, ©s re-
sistant to European comn borer feeding thruughout
the life of the plant, resistant maize that could be
used in rotation with maize that contains geneti-
cally engineered insect toxins {for example, Becil-
lus thuringiensis Berliner) to aid in insect resis-
tance munagement to chese toxins: and a novel
control solution {or maize pests, such as the mul-
tiple insect resistunce fonnd in Caribbean maize
from Antigma (Davis ec al. 1988).

The buasis of the resistance in the Perndan maize
may be new, or it may be u factor that has already
been found plav a secondary role in maize re-
sistance o leaf-feeding European corn horer such
as nther benzoxalinanes {(Tipton et al. 1967, Hof-
man and 1lotmanova 1969, Klun et al. 1970) or
the silica or lignin content of the leaf material (Ro-
janaridpiched 1983). Maize resistant to European
com horer leal feeding has been found with low
levels of DIMBOA (Sullivan ot al. 1974, Scriber et
al. 1975, Chiang and Hudon 1978). The hasis of
the resistance for these low-DIMBOA resistant
maize popwlations has not been deseribod. A
knowledge of the busis of resistance for these Jow-
DIMBOA resistant maize uccessions would prove
nseful in developing muize resistant to Enropean
corn borer and in maize phylogenetie studies.

Reid et al. (1989) found a pmsitive correlution
between susceptibility to Europeun corn borer leaf
feeding and altitude while evai)lfanng maize indig-
enous to Mexico. An association was found be-
tween susceptibility to FEuropean corn borer leal’
feeding suscepiibi:\i? and altitude in the Peruvian
maize we ovaluated. Higher-elevation maize was
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more susceptible to European com borer leaf
feeding. Why is lower-altitude maize more resis-
tant to European comn borer leaf feeding? Levin
and York (1978) have shown that tropical plants
have more toxic types of alkeloids ocourring in
ﬁreater amounts than do temperate plants. They
vpothesized that these differences result from
more intense  herbivory in the tropics. When
searching for plant germplasm resistant to a par-
rrerlar pest, it may be advisable to begin evaluating
sources adapted to lower altitudes and tropical and
subtropical conditions, especially il resistance is
d.ifﬁcuﬁ w find in existing agronomically superior
germplasm.

Qur oviposition trials indicated that accessians
503796 and 485330 had significantly fewer egy
nnsses than did accessions 485320, 571506, an
513036 (Table 4). Trichome density can slter insect
oviposition rates (Norris and Kogan 1980); how-
ever, no association was found between trichome
density rates and oviposition or between other
morphological characteristics and owposition. The
significant ditfereuces in ovipusitional rates may he
caused by nndetermined chemical factors or mor-
phological factors. The 2 controls had no signifi-
cant differences in nmimber of oviposited egy mass-
es. We could not determine the cause for this.

One accession. 371306, had plants with slightty
folded or pleated leaves. Many egg masses were
deposited on this accession in the pleating of the
leaves. This finding may indicate a desirable phys-
ical trait tor ovipesiting European com borer fe-
males. The pleated leal pattern in accession
571506 was conducive Lo Enropean corn borer ovi-
position and muy be useful in laboratory rearing
this insect by using a pleated or eonvoluted laying
medinm (that is, waxed paper).
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